We prospectively compared the effectiveness of foamand gauze-based negative pressure wound therapy (NPWT) systems on wound healing, pain, cost, and hospital length of stay. We also compare ease of use and time in performing dressing changes reported by nurses.
■ Introduction
Negative pressure wound therapy (NPWT) is an established modality for treating complex wounds. Systematic reviews have been published, which summarize the efficacy and safety of NPWT for treatment of acute and chronic wounds. [1] [2] [3] [4] [5] Additional research has focused on cost, 6, 7 gauze-based NPWT systems, 8 and the science behind the therapy, including the mechanism of action of vacuum assistance, 9,10 tissue pressure, 11 granulation tissue formation, 12 microvascular blood fl ow, 13 and intermittent versus continuous pressure. 14 However, Gregor and colleagues 15 reported a sy stematic review and meta-analysis of randomized controlled and nonrandomized clinical trials, comparing conventional therapy to NPWT in acute and chronic wounds. While some of the studies they identifi ed found evidence of improved wound closure, the authors concluded that there was insuffi cient evidence to reach a defi nitive conclusion about additional benefi t of NPWT. This fi nding may have been infl uenced by publication bias as many trials have been discontinued or study results unpublished. 16 Ultimately, many assumptions about NPWT related to mechanisms of action and its possible superiority in healing compared to conventional topical therapy gauze dressings 17 have yet to be confi rmed with randomized controlled studies.
Although NPWT is commonly used, we found no studies comparing different vacuum-assisted closure devices with foam-versus gauze-based wound fi ller. Therefore, the primary purposes of this pilot study were to compare the effectiveness of gauze-based and foambased NPWT systems on patient wound healing rate, pain experience, cost, and hospital length of stay. Other outcomes measured were the differences between systems based on nurse perceptions of the ease of performing NPWT dressing changes, nursing time in performing NPWT dressing changes, and managing problems. Specifi c aims of this study were to determine if differences existed between groups in (a) wound healing rate after NPWT application, defi ned as the width and length of the wound opening at the time of dressing changes; (b) patients' pain experience during dressing changes; (c) cost of wound care, including cost of dressings and other wound care materials used, including suction equipment; (d) hospital length of stay; (e) the amount of nursing time to change the fi rst dressing; (f) nurses' perceptions of the ease of performing dressing changes with NPWT, related to preparing for the dressing change procedure and using the NPWT system equipment during the dressing application; and (g) nurses' perceptions of using NPWT and managing problems.
■ Methods

Setting and Sample
This nonblinded, randomized controlled study was conducted in the Nursing Institute at a tertiary care medical center in Northeast Ohio with slightly more than 1200 beds. Subjects were adults, hospitalized between January 2006 and March 2008, who had a physician order for NPWT. Patients were randomly assigned to either a gauzebased NPWT system (Versatile One!, Smith & Nephew, St Petersburg, Florida) or a foam-based NPWT system (VAC, Kinetic Concepts Inc, San Antonio, Texas). Inclusion criteria were surgical wounds amenable to NPWT therapy. Patients were excluded if they were comatose or mentally obtunded when approached or by medical record documentation and had a documented chronic psychiatric illness or dementia that notably impaired cognitive function. Patients were also excluded if they met 1 or more manufacturers' contraindications including malignancy in wound, untreated osteomyelitis, unexplored fi stula, necrotic tissue, exposed blood vessels or organs, or untreated malnutrition. Pressure settings used for therapy were the default setting of 125 mm Hg for the foam-based NPWT system and 60 mm Hg for the gauze-based NPWT system. Continuous therapy was used, per standard hospital procedures, for both NPWT systems.
Determining an adequate sample size was diffi cult, since there were no other reports in the literature that compared 2 NPWT systems for short-term wound healing in an acute care environment. Of 6 randomized controlled studies of NPWT device therapy versus a control treatment group, 5 had small sample sizes of 20 or fewer subjects per group [18] [19] [20] [21] [22] and nonrandomized controlled trials published in English language also had small sample sizes. 23 All 6 randomized controlled studies available at the time we were determining sample size had longer observation periods than typically seen in acute care (2 weeks to 10 months) and in most, results were not statistically signifi cant. 18 Since a rigorous analysis of wound healing rates with suffi cient statistical power during hospitalization would not be feasible based on the presence of numerous factors including anticipated heterogeneity in wound sites and patient-specifi c variables likely to infl uence wound healing, and limited funding for study-related expenses, we estimated that 25 patients per group would be suffi cient to reveal trends regarding group differences that could guide further investigation.
Study procedures were reviewed and approved by the Cleveland Clinic institutional review board. Written informed consent was obtained prior to random allocation.
Instruments and Outcome Measures
In order to measure wound healing, we created a data collection tool that recorded wound length, width, depth, tunneling, and undermining in centimeters. We also documented color, odor, and drainage based on visual inspection. Complete wound healing was not anticipated to occur in the typical short hospital stay. We documented the length of time the NPWT system remained in place and the mean time (in minutes) required for fi rst dressing change.
Subjects rated their pain immediately upon completion of each dressing change, using a 0 to 10 oral numeric rating scale that refl ected no pain to the worst imaginable pain. The oral numerical rating scale is the Nursing Institute's standard of care in measuring pain. An oral numerical rating scale for pain intensity had a high negative predictive value that was surpassed only by the visual numerical rating scale when assessed in critically ill patients. 24 Further, the numerical pain rating scale had moderate to high test-retest reliability (0.67-0.96) and good convergent validity when compared to the visual analog scale of rating pain (0.79-0.95). 25 The most recent dose of analgesic administered to the patient prior to the dressing change was also recorded.
The mean and median costs of all wound care and dressing change materials and chargeable equipment, including suction equipment, were collected. Length of hospital stay from the day of device placement to discharge and from the day of admission until the day of discharge was recorded.
Four registered nurses with expertise in wound care were randomly assigned to perform dressing changes with 1 of the 2 NPWT systems; each group comprised 2 nurses. They provided perceptions of their experiences regarding the ease of performing dressing changes, using a survey format with a rating scale from 0 (always very diffi cult to do, always takes time or effort, or not possible) to 10 (always simple or very easy to do). Data on perceptions about dressing material preparation, creation of dressing seal, achievement and maintenance of system suction, the number of people needed to assist with dressing procedure completion, and other factors of the wound care process related to NPWT were collected after the initial dressing change and system application and when NPWT was discontinued or the patient was discharged.
Staff nurse caregivers were asked to provide perceptions on overall experiences of NPWT systems and of specifi c issues such as alarms, tubing issues, maintaining a dressing seal, and time and work required on discharge from the hospital, using a survey format with a rating scale from 0 (always very diffi cult, always a problem or not possible) to 10 (always easy, rarely any problems or no problems).
Demographic and medical history data were collected by study investigators during the hospital stay or retrospectively, using electronic medical record data as the source and yesրno responses. Nutritional issues and complicating conditions, such as postoperative infection and preoperative immobility that were documented in the medical record, were also recorded on the investigatordeveloped data collection form. The Charlson Comorbidity Index was used to assess comorbidities via medical record chart review. This index was developed to classify comorbid conditions that might change the risk of mortality. 26, 27 Scores were categorized into 3 groups (score of 1-2 ϭ 1; 3-4 ϭ 3; 5 or more ϭ 5), with a higher score indicating greater risk of mortality.
Study Procedures
Patients were asked to participate after we learned of a physician order for NPWT. After granting informed consent, study subjects were randomly allocated to one of 2 NPWT techniques (foam vs gauze); all dressing changes were completed by 4 nurses with expertise in wound care, based on established wound care protocols. These nurses also completed all data collection forms to minimize variability. When a NPWT system was discontinued, a staff nurse caregiver discontinued the system. For the purposes of this study, the date of the last wound measurement served as the fi nal wound size.
Data on wound healing rates, ease of performing dressing changes, and device management were completed by study nurses at the fi rst dressing change and dressing changes on Mondays and Fridays until NPWT was terminated or the patient was discharged. Staff nurses' evaluation concerning the ease of providing routine care was collected during week 2 of data collection. If the patient's involvement in the study ended before week 2, a nurse who was most frequently assigned as the patient's caregiver was asked to evaluate the ease of providing routine care.
Data on cost of wound care were collected by study coinvestigators weekly with the Monday dressing change. After data collection ended, a purchasing department representative provided costs of all supplies and equipment. The duration of device use was also calculated as day 1 of wound care with NPWT device to date of removal. Demographic data, hospital length of stay, and related clinical information about subjects were obtained from electronic medical record review.
Study coinvestigators recorded the time required for dressing change (in minutes) during the Monday dressing change. Timing began at procedure initiation, defi ned as walking into the patient's room with equipment and supplies in hand, ready to begin the procedure, and after patient positioning. Time included opening sterile dressing materials and equipment.
Patient-reported pain with dressing changes was recorded using the pain scale employed throughout the healthcare center's Nursing Institute. Source of pain and the analgesic medication most recently administered prior to dressing change were also recorded.
Data Analysis
Categorical variables were summarized using frequencies and percentages. Continuous and ordinal variables were described using means and standard deviations or percentiles and interquartile ranges (IQR). Subjects were excluded only on the measures where no data existed. Plots were created summarizing the change in wound measurements and pain based on the day since the initial dressing change. Given the small number of patients, nonparametric tests were used to evaluate relationships between variables. Associations between wound therapy system group and dichotomous variables were assessed using the Fisher exact test, associations with ordered variables with more than 2 levels were evaluated using exact Mantel-Haenszel chi-square tests, and associations with continuous variables were measured using Wilcoxon rank sum tests. All signifi cance tests were performed using SAS software (version 9.1, SAS Institute, Inc; Cary, North Carolina), and assume a .05 signifi cance level.
■ Results
Data collection was stopped after 11 patients were enrolled, due to a slow enrollment rate. We found that many physicians who used NPWT expressed a preference for a foam-based dressing and chose not to be involved in the research protocol. Of 11 participating adults, 5 received gauze-based and 6 received foam-based NPWT device systems. The median age of participants was 50.0 (IQR, 42.0-58.0 years) years, 82% were male, 82% were white, 67% were obese, and 60% had a postoperative infection. There were no differences between NPWT groups at baseline in demographics, medical history, and Carlson Comorbidity Index score, and recent hospitalization history were similar between groups. No patient was immobile or on bed rest preoperatively. At the time of study enrollment, 17% of participants were treated with a steroid and 50% were on an anticoagulant, but there were no differences by group assignment. Serum albumin and total protein levels were similar between gauze-based and foam-based NPWT groups and refl ected nutritional defi ciency; however, only 1 patient in the gauze-based group and no patients in the foam-based group had medical record documentation of nutritional issues (Table 1 ). All subjects had full-thickness surgical wounds; none had a history of prior NPWT use, and none had a pressure ulcer at the time of enrollment. Device days were 2 to 7 in the gauze-based NPWT group and 1 to 15 in the foam-based NPWT group. All patients received a minimum of 1 dressing change; the maximum number of dressing changes was 3 in the gauzebased NPWT group and 4 in the foam-based NPWT group.
Patient Outcomes
The wound healing rate at the fi rst dressing change was similar between systems (Table 2) , although participants receiving the gauze-based NPWT system had longer and wider wounds, and those receiving a foam-based NPWT system had deeper wounds. There was no statistically signifi cant difference in pain scale rating based on NPWT form at the end of the fi rst dressing change (2.4 Ϯ 2.3 for gauze-based NPWT vs 3.2 Ϯ 3.7 for foam-based NPWT systems; P ϭ .77) (Figure 1 ). Analgesia administration within 4 hours of the fi rst dressing change varied by group (60% in the gauze-based NPWT group and 33% in the foambased NPWT group); however, when pain ratings for all patients were assessed for differences based on whether they were masked by analgesia or unmasked, there were no differences in overall median pain ratings; 0.00 (IQR, 0.00-4.00) versus 3.50 (IQR, 0.75-4.75) (P ϭ .56). At the second dressing change, the mean pain rating in the gauze-based NPWT group (n ϭ 4) decreased to 1 Ϯ 2, and it increased to 4.2 Ϯ 2.6 in the foam-based NPWT group (n ϭ 5). After reassessing the 9 pain ratings available at the second dressing change for differences based on being masked by analgesia, we found no differences in overall median pain values 0.00 (IQR, 0.00-4.00) versus 5.00 (IQR, 3.75-5.50) (P ϭ .12). There was no statistically signifi cant difference based on group for cost of wound management system, total cost, or cost per dressing change (Table 3) . Finally, there were no statistically signifi cant differences in mean or median length of stay by group (Figure 2 ).
Nurse Outcomes
There were no signifi cant differences in study nurse perceptions of ease of performing dressing changes (Table 4) or amount of time to perform the fi rst dressing changes (Figure 3) . The mean time required for dressing change was 38.8 Ϯ 19.5 minutes for gauze-based NPWT group versus 32.3 Ϯ 22.8 for foam-based NPWT (P ϭ .52). There 
■ Discussion
This pilot study detected no statistically differences in wound healing at fi rst dressing change, pain, length of stay, and cost of wound care when foam-and gauze-based NPWT techniques were compared. In addition, there were no statistically signifi cant differences in nursing time related to ease of preparing and completing dressing changes or in fl oor nurse perceptions of maintaining wound management device systems. Due to the small sample sizes, we did not analyze results on debridement, granulation tissue formation, and exudate levels. Literature revealed no published studies in English language comparing these techniques for delivering NPWT; thus, it is diffi cult to compare our pilot fi ndings to others. In one Chinese study, 44 hospitalized patients with acute, subacute, and chronic wounds were randomized to receive either gauze-based NPWT with continuous suction or conventional NPWT with foam-based fi ller dressings and interrupted suction for 24 hours. They reported no differences in gross wound condition, change in bacterial species, and survival rates of skin graft and fl ap. 28 However, treatment costs of the gauze-based NPWT were lower and side effects were higher when compared to foam-based NPWT system. The English language abstract did not provide details of side effect types and groups varied by continuous or intermittent suction. Additionally, treatment was applied only for 24 hours, making it diffi cult to compare results of this study to ours. Wild a nd colleagues 29 compared foam-based NPWT to a Redon drain and bottle system for treatment of patients with stage III-IV pressure ulcers. The study was terminated after enrolling 10 participants because the researchers reported signifi cantly greater surface granulation tissue and less time invested in managing patients with the foam-based NPWT system. In our study, both commercial systems used vacuum sealing and all patients had fullthickness wounds at baseline.
Multiple comparisons failed to yield statistically significant differences. However, we found several observations suggestive of potential clinical relevance. Although statistical analysis revealed no statistically signifi cant differences in pain intensity at fi rst dressing change, no subjects in the gauze-based NPWT group rated their pain as 6 or greater out of 10, while 2 patients in the foam-based NPWT reported pain intensities greater than 6 on a scale of 10. Pain rating intensity could be an important factor to consider. In a study of over 10,000 surgical patients who were asked to rate postoperative pain using a numerical pain rating scale from 0 to 10 and 1 of 5 verbal descriptors, a numerical rating higher than 6 was associated with verbal descriptors of considerable and terrible pain while numerical ratings between 4 and 6 were thought of as bearable pain. 30 Nurse factors, such as attention to patients' verbalization of pain or facial expressions refl ecting pain while changing the dressing, also may have affected the patient's pain experience. Statistical analysis of cost found no signifi cant differences between the 2 groups. The cost of each system included the cost of the rental device and dressing kit, which varied, with the company supplying the foam-based NPWT system charging more for both rental and dressing change kits. In addition, dressing kit costs vary by the size of the wound. A larger sample size may have mitigated differences in wound size as a variable enabling a more robust analysis of cost.
Limitations
Limitations of the study included a small sample size and a single center research setting that limit the generalizability of our fi ndings. The small sample size required the use of nonparametric statistics due to large variability in outcome measures. While these factors limited the power of our study to detect differences, we believe our experience will assist other researchers in calculating sample size calculations. Study fi ndings were also limited by the inability to follow patients until wound closure was achieved. In order to address this limitation, we recommend developing a study protocol that follows patients from the time of NPWT application until removal.
■ Conclusion
Results of this pilot study suggest that both the gauzebased and foam-based NPWT systems provided comparable wound healing, nurse perceptions of ease of dressing changes, and staff nurse perceptions of overall ease of patient care when working with these devices. Patients reported similar pain levels immediately after fi rst dressing change. Direct costs associated with the use of the devices (dressings and chargeable equipment) did not significantly differ. Abbreviation: NPWT, negative pressure wound therapy. a Score range is 0, always very diffi cult, always a problem or not possible to 10, always easy, never or rarely a problem. b Wilcoxon rank sum test.
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